Introduction {#Sec1}
============

Despite improvements in obstetric and neonatal care, preterm infants \<29 weeks gestational age (GA) remain at high risk for death and disability.^[@CR1]^ Bronchopulmonary dysplasia (BPD) is the most common chronic respiratory morbidity in surviving preterm infants, with a reported incidence of \~45% in infants \<29 weeks GA.^[@CR2]^ Many potential risk factors for BPD have been identified, including intrauterine growth restriction, lack of antenatal steroids, clinical chorioamnionitis, GA and birth weight, sex of the infant, prolonged need for mechanical ventilation and supplemental oxygen, and sepsis.^[@CR3]^ Children with BPD experience several adverse health outcomes, including chronic cardiopulmonary impairments, growth failure, hearing and vision deficits, neurodevelopmental delay, and post-neonatal mortality.^[@CR3]^ Notably, 15% of preterm infants \<29 weeks GA also develop cerebral palsy and approximately half will develop abnormalities in cognition, language development, and behavior.^[@CR4]^

The placenta plays a crucial role in maintaining fetal well-being, growth, and development during pregnancy.^[@CR5]^ Placental evidence of antenatal insults correlates with morbidities and mortality in preterm infants, but there is conflicting evidence of an association between different placental pathologies and neonatal outcomes.^[@CR6],[@CR7]^ Many studies have been limited by small sample size, selection bias, and use of different definitions for various placental pathologies, resulting in a range of classifications. Moreover, most of the studies have described an association between a single placental pathology lesion and neonatal outcomes, e.g., acute histologic chorioamnionitis (AHC) and BPD, maternal vascular underperfusion (MVU) and BPD, etc.^[@CR8]--[@CR10]^ Recently, Chisholm et al.^[@CR11]^ have provided a detailed review of placental pathology and associated neonatal morbidities in which they noted an association between placental pathology with neonatal morbidities, including BPD; however, they did not correct for multiple placental pathologic lesions and did not examine neurodevelopmental impairment (NDI). Mestan et al.^[@CR12]^ used the Redline classification for placental pathologic lesions and reported that placental pathologic changes of MVU are associated with BPD and pulmonary arterial hypertension (PAH) in preterm infants. They did not correct for multiple placental pathologic lesions, i.e., the presence of ≥2 pathologic lesions. Thus the presence of multiple placental lesions and its association with preterm outcomes remain unknown. We hypothesize that multiple placental pathologic lesions are associated with BPD and NDI in preterm infants born \<29 weeks GA. The objectives of this study were to (1) determine the association of placental pathology with neonatal death, BPD, and subsequent NDI in preterm infants using a uniform classification of placental histopathology, (2) describe the incidence of multiple placental lesions, and (3) determine whether their presence is associated with the occurrence of neonatal death, BPD, and NDI.

Materials and methods {#Sec2}
=====================

Study design {#Sec3}
------------

A retrospective cohort study was conducted at Parkland Hospital, Dallas, TX between August 2009 and August 2012 in preterm infants \<29 weeks GA. The study was approved by the University of Texas Southwestern Medical Center and Parkland Hospital and Health Systems Institutional Review Boards. All preterm neonates born 23 0/7 to 28 6/7 weeks GA during the study period were identified in the Parkland Neonatal Intensive Care Unit (NICU) Registry. Infants receiving planned comfort care in the delivery room and those born with congenital anomalies or chromosomal abnormalities were excluded.

Placental pathology {#Sec4}
-------------------

Placentas from all preterm births at Parkland Hospital are routinely submitted for gross and histologic examination by a placental pathologist according to a standing protocol as described briefly.^[@CR13]^ Initial gross examination of the umbilical cord, membranes, and placental disc was performed. Placental weight was obtained after removal of the umbilical cord, fetal membranes, and non-adherent blood clots. The placental disk was sectioned at 1--2-cm intervals and examined for intraparenchymal lesions. Representative sections of the umbilical cord, fetal membranes, placental parenchyma, and any abnormalities seen on gross examination were submitted for standard histological examination. During the time that study cases were accumulated, the pathologists at our institution used the Redline classification to describe major placental findings.^[@CR14]^ The a priori definition of "significant placental pathology" was determined by an independent pathologist blinded to patient health information, including the clinical outcomes. This definition is standardized at our institution and excludes minor placental pathology in each major category of placental pathologies that have little or no clinical consequence and are considered to be present in most of the placental histologic examinations of normal term neonates. The definition of "significant placental pathology" is based on modified Redline classification that we recently published.^[@CR15]^ This includes the following placental pathologies: (1) AHC---maternal inflammatory response: presence of maternal inflammatory responses (acute subchorionitis or acute chorioamnionitis); AHC---fetal inflammatory response (vasculitis in the umbilical vessels and/or chorionic plate vessels). (2) High-grade villitis: patchy/diffuse chronic villitis with or without obliterative fetal vasculopathy; chronic villitis was defined as the presence of chronic inflammation of chorionic villi. High-grade lesions included inflammatory foci involving \>10 villi/focus, either limited in distribution (patchy) or more extensive (diffuse). (3) MVU: MVU was defined by distal villous hypoplasia, severe maternal decidual vasculopathy (fibrinoid necrosis and/or acute atheromatous changes), and/or infarcts involving \>20% of the placental volume. (4) Fetal thrombotic vasculopathy (FTV): the two variables of large vessel thrombi and villous damage from reduced fetal perfusion (avascular villi or villous stromal vascular karyorrhexis) were grouped under the heading of FTV. (5) Small for GA (SGA)/large for GA (LGA) placentas: trimmed placental weight \<10th percentile for GA was defined as SGA placenta and \>90th percentile for GA was defined as LGA placenta.^[@CR16]^ Presence of any one of the six lesions described was considered as significant placental pathology. The presence of more than one of the defined placental lesions was classified as multiple placental pathology. We previously reported 100% concordance between the routine placental pathology report and independent review of placenta by a blinded pediatric pathologist.^[@CR15]^ All placental pathology reports were reviewed by a pediatric pathologist and neonatologist (S.J.-W. and I.N.M.), who were blinded to the clinical history and outcomes. Study patients were divided into three groups based on placental pathology: (1) No placental pathology, (2) One significant placental pathology, and (3) Multiple placental pathologic lesions (presence of ≥2 significant lesions).

Data collection {#Sec5}
---------------

Baseline maternal and infant characteristics, morbidities, and mortality were compared. In addition to examination of the electronic health record, data were also obtained from the Parkland Hospital NICU Database, which contains prospectively collected data on all neonates admitted to the NICU for \>30 years and has been validated. Prolonged rupture of membrane was defined as rupture of membranes ≥18 h before birth. The National Institute of Child Health and Human Development expert panel definition for clinical chorioamnionitis was used.^[@CR17]^ Intrauterine fetal growth restriction was defined by Ponderal Index \<10th percentile for GA.

Neonatal short-term clinical outcomes {#Sec6}
-------------------------------------

Morbidities including respiratory distress syndrome), BPD, sepsis, severe intraventricular hemorrhage (IVH), necrotizing enterocolitis (NEC), length of hospitalization, and death during NICU stay were collected from the NICU database. BPD was defined as persistent oxygen requirement for \>28 days. Moderate-to-severe BPD was defined as the need for supplemental oxygen at 36 weeks postmenstrual age.^[@CR2]^ Sepsis was recorded if the blood culture was positive for a pathogenic organism ≤72 h after birth (early onset) and \>72 h after birth (late onset) sepsis evaluations. Severe IVH was defined as unilateral or bilateral grade III or higher on any head ultrasounds obtained during hospitalization.^[@CR18]^ NEC was defined as Stage ≥2 based on the modified Bell's criteria.^[@CR19]^

Neurodevelopmental assessment {#Sec7}
-----------------------------

Neonates \<29 weeks GA routinely undergo systematic standardized neurologic assessments and the Bayley Scales of Infant and Toddler Development---Third edition (Bayley III) at 22--26 months corrected age at our outpatient follow-up clinic.^[@CR4],[@CR20]^ Moderate-to-severe NDI was defined as the presence of any one of the following: cerebral palsy with a gross motor functional classification system (GMFCS) score ≥2, Bayley III cognitive or motor score \<85, visual impairment or permanent hearing loss that does not permit the child to understand directions from the examiner and communicate with or without amplification. Severe NDI was defined as any of the following: severe cerebral palsy with GMFCS score ≥4, Bayley III cognitive and motor score \<70, bilateral blindness or bilateral hearing impairment +/− amplification.^[@CR4]^

Outcome measures {#Sec8}
----------------

The composite of death and/or BPD was the primary outcome of the study. Pre-specified secondary outcomes included death, severe IVH, BPD, NEC, moderate-to-severe NDI, severe NDI, and individual components of the neurodevelopmental assessment. These clinical outcome measures were chosen for analysis since placental pathology has previously been associated with these morbidities.^[@CR5]^

Statistical analysis {#Sec9}
--------------------

SPSS version 19 (IBM) was used to perform statistical analyses. Descriptive statistics were calculated to compare neonates between three placental pathologic groups described above. Categorical variables were analyzed by Chi-square for trend. Continuous variables were analyzed by one-way analysis of variance (ANOVA). A two-sided 0.05 level of significance was used for all analyses. In the event of significant result from one-way ANOVA, post hoc multiple comparison procedure was employed with Bonferroni correction to separate groups. For the outcomes of BPD and NDI, stepwise forward logistic regression was performed to account for confounders. In addition to those pre-specified variables known to be associated with the outcomes of interest, all variables with *P* values \< 0.1 were included in the logistic regression. Confounding variables for BPD included GA, birth weight, sex, antenatal corticosteroids, and surfactant administration. For neurodevelopmental outcomes, we included GA, sex, antenatal corticosteroids, and antenatal magnesium administration in the logistic regression.

Results {#Sec10}
=======

Study population {#Sec11}
----------------

During the study period, 251 neonates were born at 23--28.6 weeks GA. After excluding neonates who received comfort care or were born with congenital anomalies or chromosomal abnormalities, 241 were included (Fig. [1](#Fig1){ref-type="fig"}). There were no differences in maternal characteristics across the three groups. Twenty-four percent (59/241) of infants had no placental pathology (Group 1), 41% (100/241) had a single placental pathologic lesion (Group 2), and 34% (82/241) multiple lesions (Group 3, Table [1](#Tab1){ref-type="table"}). Neonates with placental pathology had lower GA, lower birth weight, and 1 min Apgar score (Table [1](#Tab1){ref-type="table"}). Only 12% (28/241) infants were lost to long-term follow-up (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Flow diagram of the study population.Table 1Relationship between placental pathology and maternal and infant characteristics.No significant pathology (*n* = 59)1 placental pathology (*n* = 100)≥2 placental pathology (*n* = 82)*P* valueMaternal    Age (years)27 ± 627 ± 728 ± 6NS    Antenatal steroids25 (42%)51 (51%)48 (59%)NS    Diabetes11 (19%)16 (16%)8 (10%)NS    Pregnancy-induced hypertension21 (36%)28 (28%)18 (22%)NS    Antenatal magnesium therapy26 (44%)49 (49%)39 (48%)NS    Prolonged rupture of membranes10 (20%)15 (15%)21 (30%)NS    Clinical chorioamnionitis1 (2%)8 (8%)11 (13%)NS    Delivered by cesarean section40 (68%)70 (70%)53 (65%)NSInfant    Female28 (48%)47 (47%)39 (48%)NS    OB EGA, weeks27 ± 1^a^26 ± 2^b^26 ± 1^b^0.001    Birth weight, g1044 ± 261^a^945 ± 228^a,b^910 ± 227^b^0.006    IUGR1 (2%)4 (4%)4 (6%)NS    Multiples17 (33%)22 (22%)10 (15%)NS    Umbilical arterial pH7.26 ± 0.077.27 ± 0.087.25 ± 0.12NS    Umbilical arterial BD6.3 ± 2.75.8 ± 3.16.2 ± 4.9NS    Intubation in DR30 (60%)59 (59%)58 (74%)NS   CPR000NS    Apgar scores, median (25th--75th centile)   1 min5 (3, 6)^a^4 (2, 5)^a^3 (1, 5)^b^0.003   5 min7 (5, 8)7 (6, 8)7 (7, 8)NSData are the means ± SD. Numbers in parenthesis are percentages. Different superscripts of the letters (a or b) across rows designate significant differences between groups by multiple comparison procedure with Bonferroni correction*NS* not significant, *OB EGA* obstetric gestational age, *IUGR* intrauterine growth restriction, *BD* base deficit, *DR* delivery room, *CPR* cardiopulmonary resuscitation

Distribution of placental pathologic lesions {#Sec12}
--------------------------------------------

Acute chorioamnionitis was the most common pathologic lesion, occurring in 49% neonates, with fetal vasculitis occurring in 32%. The second most common placental lesion was MVU (20%). Large numbers of placentas were SGA (20%); however, 77% did not show evidence of MVU. Sixteen percent of the placentas were LGA, and 77% of them showed histological signs of chorioamnionitis. In infants with multiple placental pathologic lesions (34%), the most common combination was that of LGA+chorioamnionitis \[*n* = 30, 12%\], followed by SGA with chorioamnionitis \[*n* = 15, 6%\] and MVU+chorioamnionitis \[*n* = 11, 5%\] (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Venn diagrams showing complexity of placental lesions (overlapping lesions).MC chorioamnionitis without fetal vasculitis, FC chorioamnionitis with fetal vasculitis, MVU maternal vascular underperfusion, FTV fetal thrombotic vasculopathy, HGV high grade villitis, VE villous edema, SGA small for gestational age placenta, LGA large for gestational age placenta. The most common pathological lesion in the placentas in our patient population was histological acute chorioamnionitis (*n* = 119, 49%) and maternal vascular underperfusion (including SGA placentas) (*n* = 96, 40%). The most common complex placental pathological lesions (multiple lesions) were a combination of histological acute chorioamnionitis with LGA placentas (*n* = 30, 12%), followed by histological acute chorioamnionitis with SGA placentas (*n* = 15, 6%) and acute chorioamnionitis with MVU (*n* = 11, 5%). Chronic villitis and villous edema was seen in very small percentage of placentas (\<5%).

Association of multiple placental pathologies with BPD and NDI {#Sec13}
--------------------------------------------------------------

None of the individual placental pathologies were significantly associated with neonatal death, BPD, or NDI. However, as the number of the placental pathologic lesions increased (no lesions vs. 1 lesion vs. ≥2 lesions), the occurrence of BPD increased from 35% to 49% and 65%; respectively; (*P* = 0.002). This was also true for the occurrence of moderate/severe BPD and death or BPD (*P* = 0.004) (Table [2](#Tab2){ref-type="table"}). Notably, the incidence of death or BPD was also highest in preterm infants with multiple lesions (*P* = 0.004), and they spent more days on mechanical ventilation (*P* \< 0.01), oxygen (*P* \< 0.001), and in the hospital (*P* = 0.009) (Table [2](#Tab2){ref-type="table"}). After adjusting for GA, birth weight, gender, use of antenatal steroids, and surfactant administration, infants with multiple pathologic lesions were more likely to develop moderate-to-severe BPD \[odds ratio (OR) 3.9 (1.5--10.1), *P* \< 0.01\]. When follow-up was examined, infants with multiple pathologic lesions were twice as likely to have an NDI on bivariate analysis (*P* = 0.03) **(**Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}). However, after adjusting for GA, gender, use of antenatal steroids, and antenatal magnesium administration, multiple placental pathologic lesions were no longer associated with NDI \[OR 1.6 (0.7--3.7), *P* = 0.28\].Table 2Relationship between the placental pathology and short-term neonatal outcomes and BPD.No placental pathology (*n* = 59)1 placental pathology (*n* = 100)≥2 placental pathology (*n* = 82)*P* valueRespiratory distress syndrome51 (90%)90 (90%)69 (86%)NSReceived surfactant45 (79%)71 (71%)57 (71%)NSBPD: O~2~ therapy \>28 days20 (35%)^a^49 (49%)^a^52 (65%)^b^0.002Moderate/severe BPD7 (12%)^a^21 (21%)^a^29 (35%)^b^0.004Days received oxygen36 ± 35^a^45 ± 37^a^70 ± 61^b^\<0.001Days required mechanical ventilation8 ± 11^a^13 ± 16^a^20 ± 22^b^\<0.01Sepsis proven (not suspect)1 (2%)1 (1%)2 (2%)NSIVH grade III or IV5 (9%)16 (16%)16 (20%)NSNecrotizing enterocolitis9 (15%)12 (12%)17 (21%)NSLength of hospitalization (days)79 ± 34^a^92 ± 32^a,b^104 ± 57^b^0.009Death9 (15%)20 (20%)16 (20%)NSDeath or BPD15 (25%)^a^37 (37%)^a^43 (52%)^a^0.004Data are the means ± SD. Numbers in parenthesis are percentages. Different superscripts of letters (a or b) across rows designate significant differences between groups by multiple comparison procedure with Bonferroni correction*NS* not significant, *BPD* bronchopulmonary dysplasia, *IVH* intraventricular hemorrhageTable 3Relationship between the placental pathology and neurodevelopmental outcomes.No placental pathology (*N* = 59)1 placental pathology (*N* = 100)≥2 placental pathology (*N* = 82)*P* valueNDI17 (29%)^a^29 (29%)^a^38 (46%)^b^0.03NDI or death26 (44%)^a^46 (46%)^a^51 (62%)^b^0.04Severe NDI (NDI \< 70)2 (3%)10 (10%)12 (15%)NSSevere NDI or death11 (19%)27 (27%)25 (31%)NSCognitive impairment87.0 ± 9.385.0 ± 13.381.6 ± 13.7NSMotor impairment90.6 ± 11.688.2 ± 15.183.7 ± 14.6NSNormal neurologic exam48 (81%)73 (73%)52 (63%)NSAbnormal neurologic exam8 (14%)13 (13%)15 (18%)NSNon-CP definition abnormal1 (2%)6 (6%)10 (12%)NSCerebral palsy2 (3%)8 (8%)5 (6%)NSData are the means ± SD. Numbers in parenthesis are percentages within a column. Different superscripts of letters (a or b) across rows designate significant differences between groups by multiple comparison procedure with Bonferroni correction. Comparison groups with different subscripts (a or b) signify statistical difference and similar subscripts are not statistically different*NS* not significant, *NDI* neurodevelopmental impairment, *Non-CP* non-cerebral palsyTable 4Description of placental pathology in BPD vs. no BPD patients.Placental pathologiesNo BPD (*n* = 115)BPD (*n* = 121)SGA17 (15%)31 (26%)LGA16 (14%)22 (18%)MC52 (45%)65 (54%)FC33 (29%)42 (35%)MVU20 (17%)27 (22%)FTV5 (4%)12 (10%)HGV4 (4%)4 (3%)VE2 (2%)1 (1%)SGA+MC4 (4%)11 (9%)SGA+FC2 (2%)6 (5%)SGA+MVU2 (2%)9 (7%)SGA+FTV2 (2%)5 (4%)LGA+MC14 (12%)16 (13%)LGA+FC12 (10%)12 (10%)LGA+MVU5 (4%)4 (3%)LGA+FTV2 (2%)0 (0%)MC+MVU8 (7%)11 (9%)MC+FTV1 (1%)3 (3%)FC+MVU6 (5%)8 (7%)FC+FTV1 (1%)2 (2%)Numbers in parenthesis are percentages within a column*SGA* small for gestational age, *LGA* large for gestational age, *MC* maternal chorioamnionitis, *FC* chorioamnionitis with fetal vasculitis, *MVU* maternal vascular underperfusion, *FTV* fetal thrombotic vasculopathy, *HGV* high-grade villitis, *VE* villous edema

Discussion {#Sec14}
==========

Increasing evidence suggest that the occurrence of prenatal events resulting in alterations in placental histology and the presence of placental pathologic lesions may be related to or associated with the occurrence of subsequent neonatal morbidity and NDI.^[@CR5]^ In this study, using the uniform Redline classification, 75% of preterm infants had evidence of at least one placental pathology and 34% had multiple lesions. Although no individual placental pathologic lesion was associated with the occurrence of BPD, the presence of multiple lesions was significantly associated with subsequent death or the occurrence of BPD. Moreover, preterm infants with multiple placental pathologies were more likely to develop NDI, but this was not significant after adjusting for potential confounders.

The association between BPD and the presence of various placental pathologies such as MVU, FTV, chronic villitis, villous edema, and acute chorioamnionitis has been inconsistent.^[@CR5],[@CR8],[@CR9],[@CR12],[@CR21]--[@CR24]^ For instance, MVU is a placental histopathological lesion associated with pre-eclampsia and other gestational hypertensive disorders leading to utero-placental insufficiency. While some have reported inverse relationship between MVU and BPD,^[@CR21]^ others have reported that MVU is associated with severity of BPD and PAH.^[@CR12]^ Similarly, the role of AHC in BPD has also been controversial; some studies have shown no association with BPD,^[@CR21]--[@CR24]^ while others have reported an association between AHC and development of BPD.^[@CR8],[@CR9]^ This could reflect the lack of documentation of multiple placental pathologic lesions. Although we did not find any individual placental pathology significantly associated with the occurrence of BPD, the presence of multiple placental pathologic lesions was strongly associated with the occurrence of BPD.

The most common combination of lesions in placentas with multiple lesions were LGA+chorioamnionitis, followed by SGA+chorioamnionitis and MVU+chorioamnionitis. A possible vascular hypothesis explaining this association suggests that placental pathology such as MVU results in placental insufficiency that in turn may lead to: (1) decreases in angiogenic factors such as placental growth factors and vascular endothelial growth factor A (VEGF-A),^[@CR25],[@CR26]^ (2) excess of amniotic fluid anti-angiogenic factors such as VEGF receptor antagonist gms-like tyrokinase-1,^[@CR27]^ and (3) subsequent chronic fetal hypoxia.^[@CR28]^ These factors may also result in disruption of pulmonary vascular growth/development and alveolarization.^[@CR28]^ Notably, the presence of chronic hypoxia in fetal sheep that is associated with MVU and the development of placental insufficiency leads to the classic histologic findings of BPD.^[@CR29]^ The alternative inflammatory hypothesis for the occurrence of BPD suggests chorioamnionitis results in a systemic fetal inflammatory response causing increased pulmonary expression of proinflammatory cytokines, apoptosis, and remodeling of the fetal lungs.^[@CR30],[@CR31]^ Notably, this inflammation may also be associated with attenuated responses to exogenous surfactant therapy and thus the need for prolonged mechanical ventilation.^[@CR32]^ Colonization with *Ureaplasma urealyticum* or *Ureaplasma pravum* or increased risk of postnatal sepsis may also contribute to the development of BPD in preterm infants with histologic acute chorioamnionitis on placental examination.^[@CR33]^ We speculate that the association of BPD with multiple placental lesions, but not with isolated pathology, suggests that there are interactive effects between vascular and inflammatory processes that promote the development of BPD. This is especially relevant since not all preterm infants exposed to chorioamnionitis or to MVU develop BPD. Therefore, it is possible that multiple/severe insults need to occur over the course of pregnancy, rather than an isolated event, in order to increase the risk of developing of BPD in neonates \<29 weeks GA.

This is the first study that has looked at an association of multiple placental pathologic lesions with neurodevelopmental outcome data using Bayley III. Similar to BPD, studies have been done to show an association between NDI and various placental pathologies, including chorioamnionitis, MVU, FTV, and chronic villitis; but these associations have been inconsistent.^[@CR10],[@CR34]--[@CR36]^ For instance, although the association between AHC and adverse neurodevelopmental outcomes has been studied, the association is quite variable, with some reporting that AHC is a significant predictor of cerebral palsy^[@CR34]^ and NDI,^[@CR10]^ while others reporting no adverse association between AHC and neurodevelopmental outcome.^[@CR35]^ Similarly, there are few studies that have examined MVU and NDI.^[@CR36]^ It has been suggested that MVU may lead to fetal hypoxia, which contributes to the breakdown of the blood--brain barrier and triggers glutamate excitotoxicity. Free radicals in combination with a developmental lack of antioxidant enzymes in oligodendrocytes may explain the impact of hypoxia on the premature brain.^[@CR37]^ While significant association between placental infarction (suggesting MVU) and NDI has been reported,^[@CR38]^ this was not seen by others.^[@CR39]^ This variability in the previous studies may, in part, be accounted for by a lack of statistical power, retrospective analysis, and differences in time of neurodevelopmental assessments. Moreover, none of these studies evaluated multiple lesions. In our study, infants with multiple placental pathologic lesions were more likely to have moderate-to-severe NDI; however, after adjusting for potential confounders, this association disappeared. As in BPD, it is possible that there is interactive effect between placental vascular and inflammatory lesions on the occurrence of cerebral injury, but a larger cohort is needed to examine this association.

The strengths of our study include a large cohort with consecutive sampling to decrease selection bias, relative homogeneity of the study subjects delivered and cared for at a single center, high rate of follow-up (\~90%) with systematic assessment of long-term outcomes, and availability of placental histopathology in all preterm infants delivered in our institution. We also assessed a large variety of placental lesions, defined their significance a priori, used a uniform method for classification, and assessed multiple lesions. Our study did have some limitations such as its retrospective nature. Even though logistic regression was done to account for known variables, it is possible that unknown confounders are not accounted for. We did not collect the data on ventilator associated pneumonia (VAP) and Score for neonatal acute physiology with perinatal extenstion (SNAP-PE), as these data are not collected routinely at our institution. It is highly likely that multiple placental lesions not only indicate an interaction between vascular and inflammatory lesions but may also indicate severity of the vascular or inflammatory insult. Future studies should explore role of such lesions and the interaction in pathogenesis of neonatal morbidities.

To the best of our knowledge, this is the first report demonstrating an association between the presence of multiple placental lesions, BPD, and its severity in neonates \<29 weeks GA, demonstrating the importance of routine placental pathology and reporting multiple lesions. We speculate that there may an interaction between the pathogenesis of placental vascular and inflammatory lesions that contribute to the development of BPD and its severity. The association between placental pathology should be included in future predictive models of BPD, and large animal and prospective clinical studies should be designed to determine how various placental pathologies interact and their role in development of neonatal morbidities.
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